Unbalanced expression of pro- and anti-angiogenic factors occurs in pathologic conditions leading to excessive angiogenesis and these include hypoxia and tumor growth. Angiogenesis is an essential event for the growth, persistence and metastasis of solid tumors. In addition, it has also been studied in bladder transitional cell carcinomas (TCC).[@B1],[@B2] The quantification of angiogenesis is made, using microvessel density (MVD) as an indicator that is presumed to be a valuable prognostic indicator. Antibodies against CD34, which is predominantly found in endothelial cells, have proven to be particularly reliable in assessing MVD.[@B3] Pigment epithelium-derived factor (PEDF) is, a glycoprotein with a molecular weight of 50-kDa, and it was first identified and isolated from the conditioned media of primary human fetal retinal pigment epithelial cells.[@B4] It was later found to have a potent anti-angiogenic activity.[@B5] It has been reported that PEDF has an inhibitory effect on tumor growth in a variety of cancers.[@B6]-[@B9] Recent studies have shown that PEDF expression is decreased and it is inversely correlated with the expression of vascular endothelial growth factor (VEGF) in bladder TCC.[@B10]

Given the above background, we conducted this study to examine the expression of PEDF in bladder TCC using an immunohistochemical staining. To do this, we analyzed the degree of the expression of PEDF in association with clinicopathological parameters and MVD. Thus, we attempted to clarify the involvement of PEDF in angiogenesis and the biological behavior of bladder TCC.

MATERIALS AND METHODS
=====================

Tissue samples and the patient population
-----------------------------------------

We used 99 paraffin-embedded bladder TCCs and 10 normal bladder tissues that had been collected at the Department of Pathology at Dongguk University Gyeongju Hospital. The cancer tissues were obtained from a transurethral resection of the bladder TCC. In addition, the normal bladder epithelial tissues were obtained from cases of chronic cystitis. The tumor was graded in accordance with the World Health Organization/International Society of Urological Pathology (WHO-ISUP) classification, and the pathological T stage (pT, depth of invasion) was also determined.[@B11] The age distribution of the patients ranged between 30 and 87 years old, and the male to female ratio was 6.1:1.

Immunohistochemistry and assessment
-----------------------------------

Urinary bladder sections of 4 µm thickness were made and they were spread on poly-L-lysine coated slides. The paraffin sections were immersed in three changes of xylene and they were hydrated using a graded series of alcohol solutions. Antigen retrieval was routinely performed by immersing the sections in a 0.01 M citrate buffer (pH 6.0) in an autoclave for 15 minutes. The endogenous peroxidase activity was blocked with a 3% hydrogen peroxide for 15 minutes. This was followed by the incubation of the sections with primary antibody for two hours at room temperature, where the primary antibodies include mouse monoclonal anti-PEDF antibody (1:200, Merck Millipore, Billerica, MA, USA) and anti-CD34 antibody (1:200, Dako, Santa Barbara, CA, USA). Immunohistochemical staining was done with an EnVision kit (Dako) and the color was developed with 3, 3\'-diaminobenzidine tetrahydrochloride (Zymed Laboratories, Inc., South San Francisco, CA, USA) as a chromogen. The sections were counterstained with Meyer\'s hematoxylin for three minutes and then mounted. Mouse IgG isotype rather than the primary antibody was used as a negative control. The immunoreactivity for PEDF was evaluated based on the extensity and intensity. The extensity was graded according to a 4-point scale based on the percentage of stained tumor cells: 0 (the percentage of stained tumor cells, 0-10%), 1 (the percentage of stained tumor cells, 11-20%), 2 (the percentage of stained tumor cells, 21-30%), and 3 (the percentage of stained tumor cells, \>30%). In addition, intensity was also graded based on a 3-point scale: 1 (mild), 2 (moderate), and 3 (strong). Based on the sum of extensity and intensity, our cases were divided into two groups: the negative group (1-2) and the positive group (3-6). The MVD was calculated with the identification and quantification of the cross-sections of CD34-positive lumens in five random fields per tumor at a magnification rate of ×400, as reported by Weidner.[@B12] To identify the correlation between the expression of PEDF and MVD, our cases were divided into three categories based on the MVD and these include low (MVD\<11), middle (11\<MVD\<40), and high (MVD\>40). We have attempted to perform an immunohistochemical staining for VEGF and transforming growth factor-β in several cases of colon cancers or bladder TCC. But there was no consistency in the pattern of staining. Therefore, we did not perform it in bladder TCCs.

Statistical analysis
--------------------

Statistical analysis was done with Chi-square test, Fisher\'s exact test, t-test and one-way ANOVA. Statistical significance was set at a p\<0.05. All data was expressed as mean±standard error.

RESULTS
=======

Our cases comprised 39 cases of stage pTa, 31 cases of pT1, and 29 cases of pT2. There were 44 cases of low grade tumor, and 55 cases of high grade tumor. The expression of PEDF had a granular pattern in the cytoplasm of normal urothelium and tumor cells ([Fig. 1](#F1){ref-type="fig"}). The positive immunoreactivity for PEDF was seen in normal urothelium at a proportion of 60% (6/10) and TCC at a rate of 13% (13/99) ([Fig. 1](#F1){ref-type="fig"}). The degree of PEDF expression was significantly higher in normal bladder mucosa as compared with TCC (p=0.025). The positive rate of PEDF expression was seen in 14% (6/44) of total cases of a low grade tumor and in 13% (7/55) of those of a high grade one. In addition, it was also seen in 13% (5/39) of the pTa tumors, 16% (5/31) of the pT1 ones, and 10% (3/29) of the pT2 ones. The expression of PEDF was not significantly correlated with tumor grade and tumor invasion (p\>0.05). In addition, it was not also significantly correlated with gender and age (data not shown).

Overall, the mean MVD was 24.0±1.3 in our clinical series (range, 4 to 57; standard deviation, 12.6). In addition, it was 19.2±2.0 in low grade tumors and 27.6±1.5 in high grade ones. Furthermore, it was 19.0±2.0 in the pTa tumors, 24.0±2.0 in the pT1 ones and 30.0±2.1 in the pT2 ones. These results indicate that the mean MVD was significantly higher in high grade TCC as compared with their low grade counterparts (p=0.001). In addition, it was significantly higher in the pT2 tumors as compared with both the pTa and pT1 ones (p\<0.05). There were 12 cases (12%) of the low degree of MVD, 76 cases (77%) of the middle degree, and 11 cases (11%) of the high degree. As shown in [Fig. 2](#F2){ref-type="fig"}, the expression of PEDF had a positive correlation with low MVD at a proportion of 42% (5/12), a middle MVD at a proportion of 11% (8/76), and a high MVD at a proportion of 0% (0/11). There was a significant reciprocal correlation between PEDF expression and MVD (p=0.005).

DISCUSSION
==========

Angiogenesis is the complex biological process that is involved in the development and formation of new blood vessels and it plays a critical role in the growth and metastasis of tumor. Tumors release both angiogenic factors and angiogenic inhibitors; the latter include angiostatin, thrombospondin, endostatin, and PEDF.[@B5],[@B13]-[@B15] PEDF directly inhibits the proliferation and migration of endothelial cells and it also induces apoptosis in activated endothelium. In addition, it also has an anti-angiogenic effect based on the derangement of VEGF signaling pathway.[@B16] It has been reported that PEDF is a more powerful inhibitor than any other known anti-angiogenic factors, whose potency is more than twice higher than angiostatin and more than seven times higher than endostatin.[@B5] There is a significant correlation between the PEDF expression and a low MVD in such malignancies as pancreatic ductal cancer, breast cancer or non-small cell lung cancer.[@B7],[@B17],[@B18] It has recently shown that there is an inverse correlation between the expression of PEDF and VEGF in bladder TCC.[@B10] Our results also showed that there was an inverse correlation between PEDF expression and MVD.

PEDF exerts an anti-migratory activity in a number of tumor cell lines, whose mechanism can be mediated with the downregulation of matrix metalloproteinase-9 that binds to collagen type I and III and by inducing the release of chemoattractants with anti-migratory effect.[@B16],[@B19] In addition, PEDF promotes the differentiation of tumors of neuronal origin.[@B20] Study has therefore been conducted to examine the relationship of PEDF expression with tumor differentiation and pathological T stage. In the current study, however, we could not identify any significant correlations between them. According to a recent study, there was a correlation between the decreased PEDF expression and a higher grade of the tumor but it was not correlated with a higher stage of the bladder TCC.[@B10] In pancreatic ductal cancer, a lower degree of the PEDF expression was associated with a liver metastasis and a shorter survival, but its expression was not correlated with the depth of invasion and histopathological grading.[@B17] The relationship between PEDF expression and clinicopathlogic parameters in breast cancer was also seen and its pattern was consistent with that seen in pancreatic ductal cancer.[@B18] As a whole, PEDF has effect on the migration and differentiation of tumor cells in a cell-type dependent manner.

Our results showed that the degree of PEDF expression was significantly higher in normal bladder urothelium than bladder TCC. This was also seen in a recent study.[@B10] PEDF triggers apoptosis in several tumor cell lines.[@B8],[@B21] Our results could not clarify the mechanisms by which PEDF is involved in apoptosis in normal urothelium. Our results indicate, however, that PEDF expression in normal urothelium may protect epithelial cells by sensitizing cells to stress-induced apoptosis and it can also promote apoptosis indirectly by disrupting angiogenesis. This eventually leads to a hypoxic stress. It can therefore be inferred the bladder TCC would initially occur if there is a lack of the PEDF expression. Further studies are warranted to examine the mechanisms by which the expression of PEDF is involved in the occurrence of bladder TCC.

To summarize, our results showed that the degree of PEDF expression is significantly higher in normal bladder urothelium than bladder TCC; it is inversely correlated with the angiogenesis; and it is not related to the differentiation and progression of TCC. It can therefore be concluded that bladder TCC would initially occur if there is lack of the PEDF expression.
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![Immunohistochemical staining of pigment epithelium-derived factor (PEDF) in normal urothelium (A) and bladder transitional cell carcinoma (TCC) (B-D). The expression of PEDF has a granular pattern in the cytoplasm of normal and neoplastic urothelial cells (B), and some TCCs do not show PEDF expression (C, D).](kjpathol-46-261-g001){#F1}

![Immunohistochemical staining of pigment epithelium-derived factor (PEDF) (A, C) and CD34 (B, D) in bladder transitional cell carcinoma (TCC), and the relationship between PEDF expression and microvessel density (MVD) (E). The degree of MVD is significantly higher in TCCs without PEDF expression (A, B) than TCC with PEDF expression (C, D). Bladder TCC shows a significant reciprocal correlation between PEDF expression and MVD (p=0.005) (E).](kjpathol-46-261-g002){#F2}
